Introduction {#Sec1}
============

Police work is often accompanied by high levels of acute stress (e.g., Anderson et al. [@CR1]), for instance, when chasing suspects or---in more severe cases---using a firearm. Nevertheless, regular police training focuses predominantly on the technical, tactical, and physical aspects of performance and largely neglects the role of psychological factors such as stress and anxiety (Oudejans [@CR17]; see also Nieuwenhuys et al. [@CR16]; Nieuwenhuys and Oudejans [@CR14]). As such, one may wonder whether "ordinary" police officers are properly prepared to perform well under stressful circumstances (Murray [@CR11]).

Annual reports of police performance in the United States show that while police officers perform relatively well on low-pressure shooting tests (with hit percentages above 90%), they perform substantially worse when firing in the line of duty (with hit percentages around or below 50%; e.g., Morrison and Vila [@CR10]). This was also shown by Oudejans ([@CR17]) and Nieuwenhuys and Oudejans ([@CR14]), who found that police officers' shooting accuracy decreased significantly when they performed in high-anxiety conditions in which opponents shot back using colored soap cartridges. Given the criticality of successful police performance, these results specify a need to further our understanding of the anxiety--performance relationship and to find ways to improve police officers' shooting performance under stressful circumstances (cf. Nieuwenhuys and Oudejans [@CR14]).

According to attentional control theory (Eysenck et al. [@CR8]), anxiety affects performance because top-down (goal-directed) attentional control is reduced as a result of increased bottom-up (stimulus-driven) processes. More attention is spent on worries and detecting the sources of threat (stimulus driven), while less attention is spent on the task (goal directed; see Deffenbacher et al. [@CR6], for a discussion of comparable processes involving "arousal" and "activation" modes of attentional control). In addition to these negative effects of anxiety, Eysenck et al. ([@CR8]) hypothesized that anxiety may also serve a motivational function, as individuals may try to compensate for the debilitative effects of anxiety by increasing the amount of mental effort they invest in attempting to maintain a task-relevant focus. As such, anxiety may affect processing *efficiency* (because more effort is needed to obtain the same result), while performance *effectiveness* remains the same.

Although attentional control theory was originally developed to explain the effects of anxiety on cognitive performance, an increasing number of studies has provided support for its predictions within a perceptual-motor context (e.g., Coombes et al. [@CR5]; Nieuwenhuys and Oudejans [@CR14]; Nieuwenhuys et al. [@CR15]; Oudejans and Pijpers [@CR19], [@CR20]; Wilson et al. [@CR27]). For example, Nieuwenhuys and Oudejans ([@CR14]) showed that under anxiety police officers increase the speed with which they perform, leaving less time to shoot accurately at the targets. In addition, the officers no longer looked straight at the opponent and blinked more often, which led to increases in the time they had their eyes closed. These results occurred despite of extra mental effort that was invested. In line with attentional control theory, this indicated that police officers' behavior became less efficient and more stimulus driven under anxiety, leading to a strong decrease in overall task performance.

Recently, Oudejans ([@CR17]) and Oudejans and Pijpers ([@CR19], [@CR20]) showed that training with anxiety may lead to improved performance under stressful circumstances (cf. Beilock and Carr [@CR3]; Driskell et al. [@CR7]). In the study of Oudejans ([@CR17]), one group of police officers (the experimental group) practiced handgun shooting with high levels of anxiety as the opponent shot back using colored soap cartridges. The control group practiced with low anxiety on cardboard targets. Both groups received three training sessions of 1 h. While at the outset, both groups performed worse in front of an opponent firing back, after the training sessions shot accuracy of the experimental group no longer deteriorated while that of the control group was still negatively affected. These results are similar to those obtained with expert and novice athletes (Oudejans and Pijpers [@CR19], [@CR20]).

Explaining these effects, Oudejans and Nieuwenhuys ([@CR18]) hypothesized that individuals that have trained with anxiety may invest extra mental effort more efficiently and effectively, while individuals that have not trained with anxiety will also invest extra effort but do so ineffectively, as it is not directed at the right processes. For example, in the experiments of Oudejans and Pijpers ([@CR19], [@CR20]) both the experimental and the control groups showed consistent increases in mental effort when performing under anxiety. However, only after training with anxiety did the performance of the experimental groups improve, providing an indirect indication that in some way their additional effort became increasingly effective (Oudejans and Pijpers [@CR19], [@CR20]).

Despite these encouraging results, much is still unknown about the processes that are involved in training with anxiety (cf. Nieuwenhuys and Oudejans [@CR14]). Furthermore, it is unclear whether the positive results of training with anxiety (Oudejans [@CR17]; Oudejans and Pijpers [@CR19], [@CR20]) remain over a longer period of time (e.g., several months). Therefore, in the present study, we investigated short- as well as long-term effects of training with anxiety on police officers' handgun shooting behavior under pressure. We tested police officers' shooting behavior at three instances, namely just before, just after, and 4 months after a series of four training sessions in which police officers practiced their handgun shooting under high-anxiety conditions (experimental group) or low-anxiety conditions (control group). In all cases, anxiety was manipulated by having participants perform against opponents that did or did not shoot back with colored soap cartridges (cf. Nieuwenhuys and Oudejans [@CR14]; Oudejans [@CR17]).

We measured participants' performance effectiveness (shot accuracy) and assessed several behavioral processes (movement speed, visual orientation, blink behavior, and gaze behavior) that provided possible indications of (regained) efficiency (cf. Nieuwenhuys and Oudejans [@CR14]). In addition, we measured the perceived amount of mental effort invested in task execution. Following attentional control theory (Eysenck et al. [@CR8]), we expected that anxiety would initially reduce efficiency (i.e., *how* performance is achieved) and cause a decrease in participants' shot accuracy (Oudejans [@CR17]). That is, participants were expected to speedup their performance, change their visual orientation, and increase their blinking when performing under anxiety (Nieuwenhuys and Oudejans [@CR14]). Furthermore, participants were expected to show reduced attentional control, meaning that they would spend less time looking at the targets (reduced goal-directed attention) and more time looking at the head or gun of the opponent (increased stimulus-driven attention; Nieuwenhuys and Oudejans [@CR14]; Vickers and Williams [@CR26]; Wilson et al. [@CR27]). Moreover, we expected the duration of participants' final fixations on the targets to become shorter under high anxiety. In the perceptual-motor literature, it is well established that in far aiming tasks (such as handgun shooting), longer final fixations are associated with better performance, as more time is provided to accurately adjust movements on the basis of visual information (e.g., Vickers [@CR25]). Regarding pressure situations, anxiety-induced decreases in performance have been related to decreases in the duration of the final fixation on the target (e.g., Vickers and Williams [@CR26]; Wilson et al. [@CR27]). In line with attentional control theory, it has been suggested that such a reduction in the duration of the final fixation on the target, may be indicative of a loss of (goal-directed) attentional control (Wilson et al. [@CR27]; cf. Eysenck et al. [@CR8]).

With regard to the current experiment, we expected that after the training sessions, shot accuracy of the experimental group would no longer deteriorate under anxiety, while that of the control group would still be equally harmed (Oudejans [@CR17]; Oudejans and Pijpers [@CR19], [@CR20]). Improved accuracy of the experimental group was expected to be accompanied by improved efficiency, meaning that participants would no longer speedup their performance, no longer change their visual orientation, and no longer increase their blinking. In addition, the experimental group was expected to show improved attentional control under anxiety, as would be indicated by maintaining relatively long final fixations on the target areas and reduced (visual) distraction from other sources (e.g., Wilson et al. [@CR27]). Finally, the effects of training with anxiety are believed to be learning effects (rather than incidental performance effects), in the sense that individuals actually learn to execute the practiced task with processes accompanying anxiety (Oudejans and Nieuwenhuys [@CR18]). As such, we expected that the positive results of training with anxiety would be robust and would still be present at a retention test, 4 months after the training sessions (cf. Romano et al. [@CR21]; Sauer et al. [@CR22]).

Method {#Sec2}
======

The experiment was approved by the ethics committee of the research institute. Given the involvement of firearms, it was executed under the responsibility of certified police firearms instructors, following their standard safety protocol.

Participants {#Sec3}
------------

Twenty-seven police officers, who volunteered to participate, were randomly divided into two groups (i.e., experimental and control). The experimental group consisted of 13 police officers (12 men, 1 woman) with a mean age of 34.62 years (SD = 7.42) and a mean working experience of 11.62 years (SD = 7.08). The control group consisted of 14 police officers (13 men, 1 woman) with a mean age of 34.79 years (SD = 6.49) and a mean working experience of 11.5 years (SD = 5.71). There were no significant differences between the age and the working experience of both groups (*t*s \< 1, *P*s \> 0.90).

All participants had a full license to carry their handgun on duty. Among them, 19 reported to have been confronted at least once with an armed and dangerous criminal, 15 reported to have drawn their own handgun on such an occasion, and 3 had actually encountered situations in which they had to fire at a suspect. None of the participants had ever been shot at. With regard to the frequency of occurrence of these experiences, no significant difference was found between the two groups, *χ*^*2*^(1) = 2.6, *P* = 0.86.

Finally, participants' trait anxiety scores were significantly lower than the norm (i.e., 36.1; with *M* = 26.46, SD = 4.35, *t*(12) = 8.483, *P* \< 0.001, for the experimental group; and *M* = 28.93, SD = 7.52, *t*(13) = 3.867, *P* = 0.002, for the control group; STAI A-Trait Scale; Van der Ploeg et al. [@CR23]). These results show that participants had no extraordinary tendency to respond to specific situations with elevations in state anxiety. Therefore, any increases that would be found in participants' state anxiety during the experiment could be safely attributed to a successful pressure manipulation. Before the experiment started, all participants provided written informed consent.

Design, experimental task, and conditions {#Sec4}
-----------------------------------------

The experiment consisted of three tests and four training sessions. After a *pretest,* there were four training sessions in 4 weeks (1 per week), followed by a *posttest*, within 2 weeks after the last training session. A *retention test* was performed 4 months after the last training session. Between groups (experimental and control), there were no differences in the time lag between training sessions and tests.[1](#Fn1){ref-type="fn"}

### Test sessions {#Sec5}

Each test consisted of a low-anxiety and high-anxiety condition, counterbalanced among participants. In both conditions, participants performed a shooting exercise which consisted of 10 repetitive trials in which they had to fire 4 rounds (totaling 40 rounds per condition) at an opponent fitted with white target areas (one on the chest: 28 cm × 28 cm, and two on the upper legs: 12 cm × 35 cm; cf. Nieuwenhuys and Oudejans [@CR14]). The distance between the participant and the opponent was 5 m, which is in line with average shooting distances seen in reality (e.g., Naeyé et al. [@CR13]).

Beginning at a starting signal, participants fired one round at the opponent's right leg target, made a step to the right, fired one round at the opponent's left leg target, reloaded their handgun, fired one round at the opponent's chest target, stepped back to the left, and fired a final round at the chest target.

In the low-anxiety (LA) condition, the opponent was a life-size mannequin that stood straight-up facing the participants, wearing a black protective overall, facemask, throat protector, and hand gloves. In the high-anxiety (HA) condition, the opponent was an experienced police firearms instructor, also standing still in the same position, wearing the same clothes and protective items, and fitted with the same targets. Regardless of the participants' performance, the instructor occasionally fired back using colored soap cartridges. Being hit with these cartridges produced a sensation of pain, the threat of which was known to cause an increase in the participants' state anxiety (Nieuwenhuys and Oudejans [@CR14]; Oudejans [@CR17]). The opponent shot back on a limited number of trials (i.e., 7 shots in total, not all hits, and randomly divided over trials).

### Training sessions {#Sec6}

In between the pre- and posttest, participants of both groups received four training sessions of 1 h. During these training sessions, participants executed several shooting exercises that were comparable to the test exercise, but took place in a more realistic environment at the police academy's training facilities (e.g., a police car, a building, and a shopping street).[2](#Fn2){ref-type="fn"} The total number of rounds that participants' fired during each of these training sessions was 12 (totaling 48 for all the training sessions together). The training exercises were the same for both groups, with the sole difference that the experimental group practiced under additional pressure against an opponent that occasionally fired back. The control group practiced without additional pressure and shot at the mannequin or cardboard targets.

Experimental setup {#Sec7}
------------------

Test and training sessions were set up at the training facilities of the police academy. Participants shot with 9-mm handguns, identical to their duty weapon (Walther P5), and specifically prepared to fit colored soap cartridges (Simunition^®^, FX Marking Ammunition).

### Test sessions {#Sec8}

The tests were performed in a large room. Participants were recorded on video from the side using a digital video camera (Canon ZR 850; 29.97 Hz). Furthermore, shooting times were registered with a shot timer. Finally, participants wore a mobile eye tracker (Applied Science Laboratories, Bedford, USA). The "mobile eye" is a monocular system that consists of two cameras, an eye camera, and a scene camera (29.97 Hz), which are mounted on a pair of glasses. The system combines the images of both cameras to assess participants' direct line of gaze (e.g., Vickers [@CR25]). Furthermore, we used the images of each camera separately to provide measures of visual orientation (scene camera) and blink behavior (eye camera).

### Training sessions {#Sec9}

Training sessions were performed at different locations, thereby providing the desired context for each of the exercises. No measures were taken except for a manipulation check of pressure (see dependent variables).

Dependent variables {#Sec10}
-------------------

### Manipulation check {#Sec11}

To check whether our pressure manipulation was successful, participants' state anxiety, mean heart rate, and perceived mental effort, were assessed in each condition and each training session by using a visual-analog scale called the "anxiety thermometer" (Houtman and Bakker [@CR9]), a heart rate recorder, and the rating scale mental effort (RSME; Zijlstra [@CR28]), each of which has been used successfully in earlier studies (e.g., Nieuwenhuys and Oudejans [@CR14]; Oudejans and Pijpers [@CR19]) and with satisfying psychometric properties (Houtman and Bakker [@CR9]; Veltman and Gaillard [@CR24]; Zijlstra [@CR28]).

### Shot accuracy {#Sec12}

Shot accuracy was assessed by counting the number of hits on each of the designated target areas and computing the mean percentage of hits for each condition (cf. Oudejans [@CR17]).

### Movement speed {#Sec13}

Using the shooting times obtained with the shot timer, response and total performance times were determined, operationalized as the time between the start of each trial and the participant's first shot (response time) and last shot (total performance time). Reload times were defined as the time between the participant's second and third shot and were calculated using the recordings of the digital video camera.

### Visual orientation {#Sec14}

Using the images of the scene camera, participants' visual orientation was measured in two ways. First, at the exact moments of each shot, we assessed how much of the opponent was visible on a scale from 1 (not visible at all; looking down) to 5 (entirely visible; looking straight ahead). Second, during reloading, we calculated the percentage of trials on which the opponent was not visible because participants turned away from the opponent to reload their handgun.

### Blink behavior {#Sec15}

Using the images of the eye camera, blink rate was assessed by counting the number of times participants closed their eyes on each trial. Second, the average amount of time that participants had their eyes closed during each trial was calculated, and was expressed as a % of total performance time.

### Gaze behavior {#Sec16}

Based on a random selection of three trials per condition, per test, we analyzed the total duration of fixations to a number of distinguished locations. These locations included (a) target-related locations, defined as the target at which participants were supposed to shoot (b) threat-related locations, defined as the opponent's gun and face, and (c) other locations, defined as the participants' own gun, the wall or the ground. For analysis, the total duration of fixations to different locations was expressed as a percentage of the total duration of fixations to all locations (total viewing time). Furthermore, we calculated participants' scan ratio, which was defined as the total number of fixations across all locations divided by the total duration of those fixations in seconds (cf. Nieuwenhuys et al. [@CR15]). Finally, we calculated the average duration of the final fixations on the target until the exact moment of shooting (e.g., Wilson et al. [@CR27]). In all cases, the minimum duration of a fixation was set at 100 ms, corresponding to 3 frames of the video data (Vickers [@CR25]).

Procedure {#Sec17}
---------

### Test sessions {#Sec18}

At each test, participants performed individually and started with either the LA or HA condition. Standing in front of the opponent (before starting their first trial in any of the conditions), they received instructions about the exercise and were reminded about the specific circumstances under which their performance would occur. In both conditions, participants were instructed to perform the exercise in a relatively quick fashion, but to make sure that they would always shoot as accurately as possible. Directly following the exercise in a specific condition (i.e., after the 10th trial), measurements were ended and participants completed an anxiety thermometer and mental effort scale, indicating how they had felt during their performance in that condition. Then, participants took a 5-min break before starting with the other condition. After finishing both conditions, participants were debriefed in a separate room to share their experiences.

### Training sessions {#Sec19}

During the training exercises, participants also performed individually, either against a real opponent (experimental group) or the mannequin/cardboard targets (control group). Heart rate measurements were started before the first exercise of each session. After finishing the last exercise, heart rate measurements were ended and participants completed an anxiety thermometer and mental effort scale.

Statistical analysis {#Sec20}
--------------------

Following the aim of our study, we chose to separately establish the short- and long-term effects of our training sessions. That is, we first wanted to establish the immediate effects of training with anxiety---and find out which mechanisms are responsible for the observed effects---before we examined the extent to which these effects may be maintained over a longer period of time. As such, we first compared the results on pretest and posttest (short-term effects) and then those on the posttest and retention test (long-term effects). In both cases, our analyses consisted of 2 × 2 × 2 (condition × test × group) ANOVAs with repeated measures on condition and test. For the training sessions, differences between groups in anxiety, effort, and heart rate (averaged over the different sessions) were analyzed using between-subject ANOVAs. When needed, post hoc pairwise comparisons were made with Bonferroni correction. For each analysis, effect sizes (Cohen's *f*) were calculated. Effect sizes of 0.2 or less, about 0.3, and 0.4 or more, represented small, moderate, and large differences, respectively (Cohen [@CR4]).

Results {#Sec21}
=======

Manipulation checks {#Sec22}
-------------------

### Test sessions {#Sec23}

Anxiety scores, mean heart rates, and mental effort scores at each of the three tests are presented in Table [1](#Tab1){ref-type="table"}.Table 1Means (*M*) and standard deviations (*SD*) of the anxiety scores, mean heart rates, and mental effort scores of both groups on the pretest, training sessions, posttest, and retention test and under the low-anxiety (*LA*) and high-anxiety (*HA*) conditionsVariableGroupPretestTraining sessionsPosttestRetention testLAHATrainingLAHALAHAM (SD)M (SD)M (SD)M (SD)M (SD)M (SD)M (SD)Anxiety (0--10)Experimental1.97 (1.46)4.59 (2.37)4.42 (1.73)1.77 (1.19)3.94 (2.22)2.68 (1.03)4.88 (1.66)Control2.21 (0.46)5.07 (2.07)2.23 (1.27)2.17 (1.39)4.06 (1.85)1.75 (1.38)4.21 (2.18)Heart rate (beats/min)Experimental87.22 (14.08)93.44 (15.49)90.90 (11.92)90.00 (18.00)98.11 (14.79)90.50 (16.78)91.75 (18.48)Control98.82 (15.70)104.36 (22.77)91.02 (9.83)91.55 (14.63)96.90 (14.79)88.50 (11.70)92.50 (13.06)Mental effort (0--150)Experimental39.89 (15.13)66.33 (13.73)59.04 (17.17)41.89 (20.36)57.11 (18.94)50.38 (18.32)66.75 (14.43)Control41.91 (12.21)65.73 (18.04)43.77 (17.69)34.55 (17.76)54.45 (22.27)30.70 (17.20)52.50 (20.65)

### Pretest--posttest comparison {#Sec24}

The ANOVA that was executed to compare anxiety scores on the pretest and posttest showed a significant main effect of condition and a significant interaction between condition and test, *F*(1, 23) = 60.95, *P* \< 0.001, *f* = 2.65 and *F*(1, 23) = 6.48, *P* = 0.018, *f* = 0.28 (all other *P*s \> 0.05). Post hoc comparisons on this interaction effect showed that although anxiety scores were significantly higher in the HA condition on both tests (*P*s \< 0.001), the HA scores on the posttest were somewhat lower than the HA scores on the pretest (*P* = 0.014). LA scores did not differ significantly between the two tests (*P* = 0.65; See Table [3](#Tab3){ref-type="table"}).

The ANOVAs that was executed on the mean heart rates only rendered a significant main effect of condition, *F*(1, 19) = 15.75, *P* = 0.001, *f* = 0.83 (all other *P*s \> 0.11), indicating that mean heart rate was consistently higher in the HA condition than in the LA condition.[3](#Fn3){ref-type="fn"}

Finally, the ANOVA that was executed on the mental effort scores rendered significant main effects of condition and test, *F*(1, 24) = 70.76, *P* \< 0.001, *f* = 2.95 and *F*(1, 24) = 5.82, *P* = 0.024, *f* = 0.24 (all other *P*s \> 0.07), indicating that although mental effort scores were consistently higher in the HA condition than in the LA condition, they were somewhat lower on the posttest than on the pretest (Table [3](#Tab3){ref-type="table"}).

### Posttest---retention test comparison {#Sec25}

The ANOVAs that were executed to compare anxiety scores, mean heart rates, and mental effort scores on the posttest and the retention test only rendered significant main effects of condition, *F*(1,21) = 50.15, *P* \< 0.001, *f* = 2.39, *F*(1,17) = 15.93, *P* = 0.001, *f* = 0.94, and *F*(1,22) = 36.82, *P* \< 0.001, *f* = 1.67 (all other *P*s \> 0.15), indicating that irrespective of test and group, anxiety scores, mean heart rate, and mental effort scores were significantly higher in the HA condition than in the LA condition (see Table [1](#Tab1){ref-type="table"}).

Taken together, these results imply that our pressure manipulation was successful throughout the experiment and for both groups.

### Training sessions {#Sec26}

Anxiety scores, mean heart rates, and mental effort scores, averaged over the different training sessions, are also presented in Table [1](#Tab1){ref-type="table"}. The ANOVAs that were executed on these variables showed that anxiety as well as effort scores were significantly higher for the experimental group than for the control group, *F*(1, 26) = 14.171, *P* = 0.001, *f* = 0.75 and *F*(1, 26) = 5.167, *P* = 0.032, *f* = 0.45 (see Table [1](#Tab1){ref-type="table"}). There was no significant difference in heart rate between groups (*P* = 0.98). Nevertheless, these results imply that the experimental group experienced more anxiety during the training sessions than the control group.

Shot accuracy {#Sec27}
-------------

Mean shot accuracy during the tests is presented in Table [2](#Tab2){ref-type="table"}.Table 2Means (*M*) and standard deviations (*SD*) of shot accuracy for both groups on the pretest, posttest and retention test and under the low-anxiety (*LA*) and high-anxiety (*HA*) conditionsVariableGroupPretestPosttestRetention testLAHALAHALAHAM (SD)M (SD)M (SD)M (SD)M (SD)M (SD)Shot accuracy (%)Experimental93.54 (5.88)79.15 (14.07)90.92 (9.10)85.15 (10.43)89.67 (7.96)86.42 (7.67)Control89.14 (7.81)74.64 (18.94)88.21 (8.41)71.00 (18.47)91.54 (6.69)87.85 (6.67)Percentages (%) refer to the mean percentage of target hits in each condition

### Pretest--posttest comparison {#Sec28}

The ANOVA comparing shot accuracy on the pretest and posttest showed a significant main effect of condition, *F*(1, 25) = 41.16, *P* \< 0.001, *f* = 1.28, which was overruled by a significant three-way interaction between group, test, and condition, *F*(1, 25) = 4.24, *P* = 0.05, *f* = 0.41. Pairwise comparisons on this three-way interaction showed that at the pretest, the shot accuracy of both groups was lower in the HA than in the LA condition (in both cases *P* = 0.001; see Table [2](#Tab2){ref-type="table"}). At the posttest, however (i.e., after the training sessions), this difference between conditions was eliminated by the experimental group (*P* = 0.061), while the performance of the control group was still equally affected by anxiety (*P* \< 0.001; see Table [2](#Tab2){ref-type="table"}). In line with this result, at the posttest, the HA performance of the experimental group was significantly better than the HA performance of the control group (*P* = 0.023).

### Posttest---retention test comparison {#Sec29}

The ANOVA comparing shot accuracy on the posttest and retention test showed significant main effects of test, *F*(1,23) = 4.99, *P* = 0.036, *f* = 0.47, and condition, *F*(1, 23) = 21.44, *P* \< 0.001, *f* = 0.93, and a significant interaction between test and condition, *F*(1, 23) = 9.52, *P* = 0.005, *f* = 0.64. Finally, the three-way interaction between group, test, and condition just failed to reach significance, *F*(1, 23) = 3.95, *P* = 0.059, *f* = 0.41. Follow-up analyses on this interaction confirmed the observed posttest group differences, indicating a decrease in shot accuracy under anxiety for the control group (*P* \< 0.001), but not for the experimental group (*P* \> 0.05). Furthermore, they showed that, at the retention test, shot accuracy of the experimental group did not deteriorate as a result of anxiety (*P* = 0.23; see Table [2](#Tab2){ref-type="table"}). Unexpectedly, however, this was also the case for the control group (*P* = 0.16), who performed significantly better in the HA condition at the retention test than at the posttest (*P* \< 0.001; see Table [2](#Tab2){ref-type="table"}).

Movement speed, visual orientation, and blink behavior {#Sec30}
------------------------------------------------------

With respect to the results on movement speed, visual orientation, and blink behavior (see Table [3](#Tab3){ref-type="table"}), statistical analyses occasionally rendered significant effects, but in most cases these were unrelated to group and shot accuracy. Therefore, and due to limited article space, only the most important results will be mentioned.[4](#Fn4){ref-type="fn"} Significant main effects of test showed that, overall, participants became faster in handling their handgun after training. Movement times decreased from pretest to posttest, with *F*(1, 25) = 5.22, *P* = 0.031, *f* = 0.21; *F*(1, 25) = 67.63, *P* \< 0.001, *f* = 2.70; and *F*(1, 25) = 43.06, *P* \< 0.001, *f* = 1.73, for response time, reload time, and total performance time, respectively, and remained constant from posttest to retention test (*P*s \> 0.25; see Table [3](#Tab3){ref-type="table"}). In addition, a significant main effect of condition (pretest--posttest comparison) showed that participants' reaction times were generally faster in the HA than in the LA conditions, *F*(1, 25) = 8.03, *P* = 0.009, *f* = 0.32 (Table [3](#Tab3){ref-type="table"}).Table 3Means (*M*) and standard deviations (*SD*) of the of the results on movement times, visual orientation, and blink behavior of both groups on the pretest posttest and retention test and under the low-anxiety (*LA*) and high-anxiety (*HA*) conditionsVariableGroupPretestPosttestRetention testLAHALAHALAHAM (SD)M (SD)M (SD)M (SD)M (SD)M (SD)Movement times Reaction time (s)Experimental2.09 (0.42)1.91 (0.37)1.97 (0.30)1.90 (0.34)1.89 (0.43)1.90 (0.48)Control2.31 (1.16)2.12 (0.99)1.90 (0.47)1.88 (0.76)2.09 (0.98)1.95 (0.92) Reload time (s)Experimental6.19 (0.84)6.16 (1.13)5.56 (0.85)5.42 (0.81)5.14 (0.67)5.18 (0.83)Control6.62 (1.39)6.62 (0.94)5.63 (0.68)5.71 (1.02)5.84 (1.08)5.78 (1.05) Total performance time (s)Experimental11.74 (1.45)11.61 (1.82)10.72 (1.09)10.39 (1.15)10.09 (1.35)10.23 (1.47)Control12.72 (2.89)12.40 (2.45)10.85 (1.35)11.09 (2.34)11.49 (2.68)11.10 (2.76)Visual orientation During shooting (1--5)Experimental4.63 (0.45)4.41 (0.80)4.29 (0.82)4.36 (0.84)4.43 (0.59)4.25 (0.56)Control4.56 (0.63)4.57 (0.68)4.83 (0.29)4.15 (1.28)4.58 (0.45)4.49 (0.64) During reloading (%)Experimental25.65 (33.70)56.46 (47.39)39.80 (44.53)54.91 (44.44)38.96 (41.74)62.05 (46.07)Control9.00 (25.14)34.00 (35.88)8.00 (22.01)43.56 (35.89)21.54 (37.38)19.17 (29.57)Blink behavior Blink rate (blinks/trial)Experimental2.95 (1.71)4.41 (2.53)2.49 (1.30)3.53 (1.96)1.84 (1.44)4.80 (2.38)Control2.84 (2.65)2.48 (1.82)1.94 (1.10)2.32 (1.53)2.76 (2.36)4.64 (4.49) Eyes closed (%)Experimental5.80 (3.59)7.98 (4.08)4.28 (2.26)5.93 (3.26)2.41 (1.43)6.44 (3.82)Control4.78 (3.28)4.20 (2.50)3.69 (2.14)3.79 (2.41)2.72 (1.85)5.24 (4.20)Percentages (%) for visual orientation refer to the percentage of trials in which participants turned away from the opponent during reloading. Percentages (%) for blink behavior refer to the percentage of total performance time during which participants had their eyes closed

With respect to visual orientation and blink behavior, (marginally) significant main effects of condition (pretest--posttest comparison) indicated that participants turned away more often during reloading, *F*(1, 20) = 15.46, *P* = 0.001, *f* = 0.77, blinked more often, *F*(1, 14) = 5.96, *P* = 0.027, *f* = 0.43, and closed their eyes for a larger part of the trials, *F*(1, 14) = 4.51, *P* = 0.052, *f* = 0.32, in the HA than in the LA conditions. For visual orientation, during shooting, no significant main effects were found (*P*s \> 0.15).[5](#Fn5){ref-type="fn"}

Gaze behavior {#Sec31}
-------------

As was also the case in Nieuwenhuys and Oudejans ([@CR14]), full gaze data were available for only a small selection of participants due to large changes in visual orientation (4%), complete or partial closing of the eyes (22%), and other strongly affected behavior (24%) under anxiety. For the pretest, this meant that gaze data (available for only three participants) could not be statistically analyzed. For the posttest and the retention test, however, data were available for eight participants (four experimental, four control) and ten participants (five experimental, five control), respectively. Because data were available for different participants at each test, gaze data were analyzed separately for each group (experimental and control), using 2 × 2 (test × condition) mixed design ANOVAs, with repeated measures on condition, and with test now as a between-subject factor. As such, no explicit comparisons were made *between* the results of the experimental and control groups, but the analyses still provide an interesting description of the gaze behavior that was characteristic for participants of each group, respectively. An overview of the results on gaze behavior is presented in Table [4](#Tab4){ref-type="table"}. For each variable, results are presented first for the participants of the experimental group (posttest and retention test sample) and then for the participants of the control group (posttest and retention test sample).Table 4Means (*M*) and standard deviations (*SD*) of the results on gaze behavior of both groups on the posttest and retention test and under the low-anxiety (*LA*) and high-anxiety (*HA*) conditionsVariableGroupPosttestRetention testLAHALAHAM (SD)M (SD)M (SD)M (SD)Scan ratio (fixations/second)Experimental0.60 (0.14)0.64 (0.15)0.54 (0.22)0.54 (0.19)Control0.76 (0.23)0.87 (0.23)0.41 (0.05)0.51 (0.13)Total duration of fixations (%) Target-relatedExperimental91.84 (7.54)82.03 (13.74)94.56 (4.98)88.72 (9.02)Control92.59 (8.33)75.74 (17.78)97.30 (3.46)91.21 (9.61) Threat-relatedExperimental0.48 (0.95)4.62 (6.33)0.00 (0.00)6.95 (5.13)Control2.68 (3.67)9.78 (15.43)1.15 (2.58)4.44 (6.32) OtherExperimental7.69 (7.30)13.36 (9.41)5.44 (4.98)4.33 (4.55)Control4.73 (4.67)14.49 (7.62)1.55 (3.13)4.35 (3.91)Final fixation on the targets (s)Experimental1.76 (0.25)1.84 (0.38)2.11 (0.84)2.00 (0.68)Control1.46 (0.25)1.31 (0.39)2.01 (0.27)1.89 (0.47)Percentages (%) refer to the total duration of fixations to different locations relative to the duration of fixations to all locations

### Scan ratio {#Sec32}

As can be seen in Table [4](#Tab4){ref-type="table"} (top row), the scan ratios for the experimental group samples were relatively low (around or below 0.6). In line with the results for shot accuracy, which was maintained under pressure on the posttest, no significant changes were observed between tests and conditions (all *P*s \> 0.51).

For the control group, scan ratios were higher for the posttest sample, especially in the HA condition (Table [4](#Tab4){ref-type="table"}, second row). Although in both samples scan ratios increased under anxiety, *F*(1, 7) = 10.85, *P* = 0.013, *f* = 1.25, a significant main effect of test showed that (in line with the improvements on shot accuracy) the sample at the retention test was more calm in their gaze behavior, as was indicated by significantly lower scan ratios, *F*(1, 7) = 10.68, *P* = 0.014, *f* = 1.24.

### Total duration of fixations {#Sec33}

For the experimental group samples, the total duration of fixations on the targets somewhat decreased as a result of anxiety, as was indicated by a significant main effect of condition, *F*(1, 7) = 9.90, *P* = 0.016, *f* = 1.19. Nevertheless, visual inspection of the data (see Table [4](#Tab4){ref-type="table"}) showed that despite this consistent decrease, in all cases, the percentages of viewing time remained relatively high (i.e., above 80%). The total duration of fixations on threat-related locations showed a general increase under anxiety, *F*(1, 7) = 8.46, *P* = 0.023, *f* = 1.10. No significant differences were found for the duration of fixations on other locations (*P*s \> 0.12).

For the control group samples, the total duration of fixations on the targets decreased significantly under anxiety, *F*(1, 7) = 8.22, *P* = 0.024, *f* = 1.08. In line with their HA shot accuracy, which was low on the posttest but better on the retention test, the duration of target-related fixations was well below 80% for the posttest sample, but above 90% for the retention test sample (Table [4](#Tab4){ref-type="table"}). At the same time, the total duration of threat-related fixations showed a small but nonsignificant increase under anxiety (*P* = 0.19; see Table [4](#Tab4){ref-type="table"}). For the total duration of fixations on other locations, a significant interaction between test and condition was found, *F*(1, 7) = 6.86, *P* = 0.034, *f* = 0.99. Pairwise comparisons showed that the duration of fixations to other locations was significantly higher under anxiety for the posttest sample (*P* = 0.002) but not for the retention test sample, thereby explaining the decreased duration of target-related fixations that was observed at the HA posttest.

### Final fixations on the target {#Sec34}

As can be seen in Table [4](#Tab4){ref-type="table"}, both experimental group samples executed relatively long final fixations on the targets, showing no differences between tests and conditions (all *P*s \> 0.49).

For the control group samples, a significant main effect of test showed that final fixations on the target were significantly shorter for the posttest sample (when shot accuracy was poor) than for the retention test sample (when shot accuracy was better), *F*(1, 7) = 9.00, *P* = 0.020, *f* = 1.13.

Discussion {#Sec35}
==========

We investigated the short- and long-term effects of training with anxiety on police officers' shooting behavior under pressure. Using a pretest, posttest, and retention test design, 27 police officers executed a shooting exercise against opponents who did (high-anxiety condition) or did not (low-anxiety condition) shoot back using colored soap cartridges. During a series of four training sessions, which were executed between pre- and posttest, the experimental group practiced with anxiety, while the control group practiced without anxiety. At the pretest, the shot accuracy of both groups showed a strong and significant decrease under anxiety, with hit percentages dropping from about 90% or more in the low-anxiety condition to 80% or less in the high-anxiety condition (Table [2](#Tab2){ref-type="table"}; cf. Oudejans [@CR17]; Nieuwenhuys and Oudejans [@CR14]). At the posttest, the control group still performed equally worse under anxiety, while the experimental group showed considerable improvement. These results are in line with the findings from Oudejans ([@CR17]) and Oudejans and Pijpers ([@CR19], [@CR20]) and indicate that training with anxiety can help to improve performance under pressure.

In addition, the results provide an indication that positive effects of training with anxiety may be maintained over a longer period of time. That is, the positive effects of training with anxiety that were observed for the experimental group at the posttest, were still visible at the retention test, where they shot equally well with and without anxiety (see Table [2](#Tab2){ref-type="table"}). Nevertheless, some caution is warranted in interpreting these results because the overarching three-way interaction that was present at the pretest--posttest comparison just failed to reach significance at the posttest-retention test comparison (*P* = 0.059; see Results). As such, more research is needed to substantiate our findings.

Unexpectedly, at the retention test, the control group also seemed to maintain their level of performance under anxiety. Note, however, that although the experimental group had taken 48 additional shots under high anxiety before starting the retention test (i.e., 80 shots during the pre- and posttest +48 during training), the 80 shots that were taken under high anxiety by the control group (i.e., during the pre- and posttest) may already have been sufficient for them to create a learning effect. On the other hand, it could also be that the control group "caught up" because at the time of the retention test all participants (experimental and control group) had gained considerable experience by just shooting at the targets. However, because the participants already were experienced shooters at the outset of the experiment, it is more likely that specific experience with performing under anxiety was responsible for the observed effects. This argument is confirmed by the fact that performance under low anxiety showed no improvement over time.

In line with attentional control theory (Eysenck et al. [@CR8]), participants of both groups consistently reported more mental effort in the high-anxiety than in the low-anxiety conditions (see Table [1](#Tab1){ref-type="table"}), indicating that they actively tried to compensate for the negative effects of anxiety on their performance. At first, their efforts were ineffective, as the shot accuracy of both groups decreased under anxiety. However, as participants gained more experience with performing under high levels of anxiety, it seemed that extra mental effort became more effective. In line with previous studies, the results suggest that through repeated experience, individuals may learn to more effectively recalibrate their actions to the changed circumstances accompanying pressure and anxiety (Oudejans and Nieuwenhuys [@CR18]). This is also what participants reported in the debrief interviews that were carried out at the end of each test session. At the pretest, participants reported speeding up their performance under anxiety, hereby failing to concentrate on their aiming and accuracy. Later, at the posttest (experimental group) and retention test (experimental group and control group), they reported that more experience with performing under anxiety enabled them to focus more strongly on their shot accuracy under these circumstances.

Based on attentional control theory (Eysenck et al. [@CR8]), we hypothesized that with respect to our measures of shooting behavior (e.g., movement times, visual orientation, blink behavior), initial reductions in efficiency may be eliminated after training with anxiety. In line with the results of Nieuwenhuys and Oudejans ([@CR14]), our participants showed faster response times under anxiety, turned away more often, and executed more blinks, which indicates an increase in stimulus-driven behavior and a reduction in efficiency that could potentially have influenced their shot accuracy (Eysenck et al. [@CR8]). However, other than in Nieuwenhuys and Oudejans, the changes were small, and could not explain the observed pattern of results for shot accuracy. One possible explanation for this is that the participants were more experienced (*M* = 11.56 years of working experience, SD = 6.28) than those of Nieuwenhuys and Oudejans (*M* = 3.4 years of working experience, *t*(26) = 6.75, *P* \< 0.001; one-sample *t*-test), which perhaps made their performance more robust under pressure. This is confirmed by the fact that the initial reduction in shot accuracy that we found (*M* = 14.96, SD = 13.35) was substantially smaller than the reduction in shot accuracy that was found by Nieuwenhuys and Oudejans, *M* = 22.73, *t*(26) = 3.02, *P* = 0.006 (one-sample *t*-test).

Although the changes in movement speed, visual orientation, and blink behavior could not explain the observed pattern of results for shot accuracy, it appeared that changes in gaze behavior could. In general, the analyses of participants' gaze behavior showed that good performance under anxiety was related to maintaining a relatively calm gaze behavior. When participants performed well with (or without) anxiety, this was accompanied by relatively low scan ratios. These results confirm earlier findings by Murray and Janelle ([@CR12]) and indicate that while anxiety may initially cause individuals to be more hypervigilant in their gaze behavior, training with anxiety might help to regain the calmness and attentional control that is necessary to achieve optimal performance (Eysenck et al. [@CR8]; Oudejans and Nieuwenhuys [@CR18]).

In line with attentional control theory (Eysenck et al. [@CR8]), participants consistently spent more time fixating threat-related sources of information when they were anxious. However, since this did not change as participants gained more experience with performing under anxiety (i.e., improved their shot accuracy), it must be assumed that looking at threat-related sources of information does not necessarily have a negative influence on task performance. Instead, it appeared to be an increase in the duration of fixations to other locations that caused the observed drop in target-related visual attention (see Table [4](#Tab4){ref-type="table"}, posttest, control group). Although attentional control theory predicts that under anxiety goal-directed attention decreases as a result of increased attention to threat-related information, our results suggest that at least visually, this does not always have to be the case. In the current study, it appeared that despite increased attention to threat-related information, shot accuracy was good as long as participants spent enough time fixating on the targets and minimized distraction by other sources of information (cf. Behan and Wilson [@CR2]; Wilson et al. [@CR27]).[6](#Fn6){ref-type="fn"}

This line of thought is supported by the analyses of the final fixations on the targets, just before shooting. In line with the results of Wilson et al. ([@CR27]), the current study showed that relatively long final fixations on the targets were indeed associated with good performance. Again, when participants performed well under anxiety, this was accompanied by relatively long final fixations on the targets (cf. Behan and Wilson [@CR2]; Vickers and Williams [@CR26]), which potentially indicates regained control of goal-directed attention after training (Eysenck et al. [@CR8]; Oudejans and Nieuwenhuys [@CR18]). When performance was bad (control group, high-anxiety posttest) this was accompanied by relatively short final fixations on the targets, indicating that goal-directed attentional control may have been reduced (Eysenck et al. [@CR8]; Oudejans and Nieuwenhuys [@CR18]).

Of course, our results on gaze behavior should be treated with caution. Gaze data were available for only a limited number of participants. Furthermore, as the participants on the posttest were not the same as those on the retention test, it was impossible to conduct a true within-subject analysis with repeated measures on test. Nevertheless, we were the first to investigate the effects of (training with) anxiety on perceptual-motor performance and gaze behavior within a pretest, posttest, and retention test design. This made it possible to test the impact of anxiety on individuals who *did* and who *didnot* manage to maintain performance under pressure, providing more insight into how individuals may effectively or ineffectively deal with stressors.

In sum, the current study confirms earlier research, in the sense that training with anxiety improves performance under stressful circumstances (Oudejans [@CR17]; Oudejans and Pijpers [@CR19], [@CR20]). In addition, we provided indications that these positive effects of training with anxiety may be robust over a relatively long period of time (i.e., 4 months). As such, training with anxiety may proof a fruitful and realistic endeavor for professional police practice and education. Finally, and in line with our predictions based on attentional control theory (Eysenck et al. [@CR8]) and ideas of Oudejans and Nieuwenhuys ([@CR18]), the results on mental effort and gaze behavior suggest that positive effects of training with anxiety may be explained by improved self-regulatory processes which cause individuals to become more effective in paying attention to task-relevant sources of information.
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Due to personal circumstances two participants (one from each group) could not be present at the retention test.

Details about the training exercises can be obtained from the authors upon request.

Due to incidental malfunctioning of the equipment, heart rate data were not available for all participants. Hence, statistical analyses were performed for 9 (experimental group) and 12 (control group) participants at the pretest--posttest comparison, and 8 (experimental group) and 11 (control group) participants at the posttest-retention test comparison.

A more detailed description of the statistical analyses for movement speed, visual orientation, and blink behavior can be obtained from the authors upon request.

Because some participants reacted to our pressure manipulation by completely closing their right eye, blink behavior data were only available for 16 participants (10 experimental, 6 control; see also Gaze Behavior).

Although in other circumstances (e.g., during actual police work) paying attention to threat-related information such as the head and gun of the opponent is essential, and can be considered task-relevant, this was not the case in the current experimental task. The opponent in the HA condition did not move, had his gun aimed at the participant throughout the trial, and shot back regardless of the participant's performance (see Experimental Task and Conditions). Furthermore, because the participants' were not allowed to run away or seek cover (i.e., they had to strictly follow the experimental protocol and hit the targets as often as possible) only fixations on the targets were considered task-relevant.

Specific parts of this study focusing on practical implications of the findings and without full description of statistics have been published in Dutch in a research report for the Dutch police.
